Tensile properties of the physis vary with anatomic location, thickness, strain rate and age.
The variable outcome of physeal distraction has raised questions as to the mechanism by which bone lengthening is achieved. Is it by stretching of the matrix or does it stimulate growth? In order to explore the contribution of matrix stretching, we sought to answer the following questions in an animal model: (a) Are the tensile properties of the lateral side of the proximal tibial physis different from the medial? (b) Are the tensile properties strain-rate dependent? (c) Does the growth plate fracture through any preferred zone in tension? (d) Are the tensile properties of the bovine growth plate a function of age? (e) Are thicker growth plates weaker in tension? (f) Are the tensile properties of the bovine growth plate comparable to those of a child's? We compared bone-cartilage-bone specimens (0.5 x 2.5 mm2 in cross-section) from the lateral, central and medial regions of the proximal tibial growth plates of 12- to 18-month heifers. 70 specimens were tested to failure in tension at 0.0004, 0.004 and 0.04 mm/s. Tensile strength and tangent modulus were 33% and 25% greater, respectively, on the lateral side compared with the medial, and both were increased at the higher strain rates. We found no difference in the ultimate strains by region or strain rate. Thicker growth plates were weaker. Scanning electron microscopy revealed a three-dimensional fracture pattern extending from the upper columnar into the reserve zone. Bundles of intact chondrons remained intact, but only on the metaphyseal side, having been torn from an interterritorial matrix which remained mostly on the epiphyseal side of the fracture. We compared 21 specimens of 12- to 18-month and 19 specimens of 5-month calves from similar regions of the proximal tibia. These were tested to failure in tension at 0.004 mm/s. The older bovine growth plate was 25% thinner, 34% stronger and failed at 65% greater strain. For comparison, we tested eight samples from the femoral capital growth plate of two cerebral palsy patients. These were twice as thick as our bovine samples and about half as strong, but with similar ultimate strain values.